Abstract Peru struggles to prevent cervical cancer (CC). In the jungle, prevention programs suffer from significant barriers although technology exists to detect CC precursors. This study used community based participatory research (CBPR) methods to overcome barriers. The objective was to evaluate the utility of CBPR techniques in a mother-child screen/treat and vaccinate program for CC prevention in the Peruvian jungle. The CC prevention program used self-sampling for human papillomavirus (HPV) for screening, cryotherapy for treatment and the HPV vaccine Gardasil for vaccination. Community health leaders (HL) from around Iquitos participated in a two half day educational course. The HLs then decided how to implement interventions in their villages or urban sectors. The success of the program was measured by: (1) ability of the HLs to determine an implementation plan, (2) proper use of research forms, (3) participation and retention rates, and (4) participants' satisfaction. HLs successfully registered 320 women at soup kitchens, schools, and health posts. Screening, treatment, and vaccination were successfully carried out using forms for registration, consent, and results with minimum error. In the screen/treat intervention 100 % of participants gave an HPV sample and 99.7 % reported high satisfaction; 81 % of HPV ? women were treated, and 57 % returned for 6-month followup. Vaccine intervention: 98 % of girls received the 1st vaccine, 88 % of those received the 2nd, and 65 % the 3rd. CBPR techniques successfully helped implement a screen/treat and vaccinate CC prevention program around Iquitos, Peru. These techniques may be appropriate for large-scale preventive health-care interventions.
Introduction
World-wide cervical cancer is the third most common cancer in women, accounting for 13 % of all female cancers [1] .
higher than the rest of South America at 24.1 [2] . Many factors account for this difference. Peru's national guidelines for cervical cancer detection, in place since 2000, include Pap smears for women age 25-59. However, from 2000 to 2003, only 40.3 % of women in this age range underwent screening, with significantly higher rates of screening in coastal areas than in the central regions of the country [3] . While the high rate of cervical cancer is partly due to lack of screening, it is also due to poor follow up with only 25 % of women with abnormal Pap tests receiving appropriate referral. Furthermore, there is also evidence that misclassification of Pap smears is also a significant problem with one study of 5, 435 Peruvian women showing that the sensitivity for carcinoma in situ of cytology was only 42.5 %, thereby missing a significant amount of high grade disease [4] . Finally, the high rates of cervical cancer in Peru may also be due to a high prevalence of human papillomavirus (HPV). In a case-control study conducted in Lima, HPV prevalence was 17.7 % among cytological normal women, which is significantly higher than the global prevalence (10 %) [5] .
Primary screening for cervical cancer by detection of high-risk types of the HPV (HR-HPV) from a self-collected vaginal swab is both a sensitive and effective alternative to cytology based programs. A study of 10,000 Chinese women reported the sensitivity of a self-collected sample for HR-HPV equal to a physician obtained endocervical sample (dependent on the type of assay used), and considerably more sensitive than cytology [6] . Furthermore, multiple studies among Hispanic women in the USA and Mexico, as well as among women in Africa and Asia have shown self-sampling to be acceptable [7] [8] [9] [10] [11] . There is also evidence that screening and treatment with HPV testing is cost effective, with a potential in Peru of a 60 % reduction in cervical cancer at only $591 per year of life saved [12] . This analysis was not based on self-collected specimens, which may significantly reduce this cost even further.
For primary prevention, the HPV vaccine has been shown to be very effective and was, at one time, incorporated into Peru's national health system. Thus, the technology for both primary and secondary prevention of cervical cancer exists; however, prevention programs focused on high-risk, medically underserved women continue to face significant barriers in effectively reaching the women most in need.
The PERU cervical cancer prevention study (PER-CAPS) is a community based participatory research (CBPR) project with a goal to design a cancer-screening model for underserved populations, and then implement this model using current cervical cancer screening technology. We hypothesized that HPV vaccination and screening, a costly preventative health measure, could be more efficiently done by the community, allowing health providers to focus available resources on the women who test positive. We chose cryotherapy for treatment since it was used in Peru, with reported efficacy from 70 to 95.5 % [13] , and minimal side effects. The first phase of this work was completed in Manchay, Peru, a shanty town outside the capitol, Lima [14] . We now report the Iquitos phase of this project as we built on the lessons learned and applied them to the more remote and geographically challenging Peruvian jungle.
Materials and Methods
The study was approved by institutional review boards of the Cleveland Clinic, Merck USA, Merck Peru, the Ethics Committee of the National Institute of Neoplastic Disease (INEN) in Peru, and the Peru Instituto Nacional de Salud. The study was funded through the investigator initiated studies program of Merck, Inc., Preventive Oncology International, Inc. (POI), and the Fogarty International Clinical Research Fellows Program; and it was registered at Clinical Trials.Gov, number 01338051. The primary objective of this study was to develop our model for community based cervical cancer prevention (screening and vaccination) using the concepts founded in CBPR.
After making an estimate of the target population and considering limitations in access during the dry season, a combination of rural and urban communities along the Amazon was selected. Then an education program for the community health leaders (HLs) was planned based on PERCAPS Manchay. Finally, the HLs collaboratively developed a strategy for advertisement, registration, selfsampling, delivery of samples, reporting of results, and vaccination. A low literacy instructional sheet was piloted to explain the technique of self-collection using a brush designed for self-sampling (''Just for Me'', Preventive Oncology International, Cleveland Heights, Ohio, USA) and solid transport media cards (iFTA-elute GE Healthcare, Piscadaway, NJ,USA). The self-collected HPV samples were sent to BGI Shenzhen (Shenzhen, China) for processing using the PCR based MALDI-TOF assay (Mass Array Matrix-Assisted Laser Desorption/Ionization TimeOf-Flight mass spectrometry system) [15] . Women who tested positive for HR HPV were located and brought to the local health clinic for evaluation and treatment with cryotherapy (the details of the medical management and the new technologies employed have been previously reported [16] ). After 6 months, the women treated with cryotherapy were relocated for a follow-up examination. For vaccination, HLs used the quadrivalent Merck vaccine for types 16/18/6 and 11 with doses according to the manufacturer's instructions at time 0, 2, and 6 months. Following all cryotherapy treatments, as well as the 1st or 2nd doses of vaccine, a Spanish speaking physician (au-CA) conducted evaluations with the participants using questionnaires piloted in the prior Manchay project.
Women, ages 30-45 were eligible for the study. Exclusions were a current pregnancy, a history of hysterectomy, and a history of pelvic radiation. Girls ages 10-13 years were eligible to participate and receive HPV vaccination. Exclusions were the presence of an acute febrile illness, previous vaccination for HPV, and allergy to yeast.
The HL from each community attended the training. This included a midwife, a physician, a nurse, and three health technicians. The training took two half-days with the 1st day focused on education, including cervical cancer, HPV, screening, self-sampling, and the HPV vaccine. On the 2nd day, the design phase, the HLs developed recruitment strategies for enrolling 320 women, matched with girls to receive the HPV vaccine. They also developed a plan for facilitating the evaluation and treatment of the positives and the logistics of the HPV vaccination campaign.
The success of the program was measured by: (1) the ability of the HLs to design a workable model, (2) the successful use of research forms, (3) participation (goal 85 % of target) and retention rates (goal 90 % return of the positives), and (4) satisfaction of the participants (goal 90 %).
Results

Recruitment
During the training, the participants revealed that mother daughter pairs were not the functional reality in their villages. Therefore, recruitment was broadened to include any parous woman 30-45 paired with a daughter, granddaughter, niece, or ''child of the community'' aged 10-13.
In sum, 320 women meeting criteria were recruited: 175 in rural areas and 145 in the city. Participation was 100 % of the registered women, with all subjects returning a sample. All samples contained adequate DNA. The research forms were successfully managed with few exceptions, including missing signatures of mothers, daughters, or technicians which were later obtained within a few days of recruitment. In all villages, most participants immediately did the selfcollection at the central clinics but a few brought the kits home and returned them the following day.
The HLs developed a vaccine schedule coordinated with the school calendar to administer the first 2 doses prior to the summer holiday and the final dose 4 months later upon the girls' return. In the recruitment of girls for vaccination, 2 girls were recruited twice reducing the number of girls to 318 instead of 320. Twelve girls who were not assented for the study also received the vaccine when HLs substituted them for registered girls they could not find during vaccination campaigns. Another error was the registration of 9 girls who had already initiated the state's HPV vaccine series.
Notification of Test Results
Of the 320 women who completed self-sampling, 37 tested positive for HR HPV (11.5 %). In urban areas, notifications for positive women were delivered in writing to the subjects' homes while participants with negative HPV were invited back to the soup kitchens to receive their results. In rural areas, nearly all results were delivered at the local health post and otherwise at their homes.
Treatment for the Positives
Of the 37 women who tested positive for HR HPV, 30 (81 %) presented for evaluation and cryotherapy at the Bellavista Nanay Health Post. Of the 7 women who did not present for evaluation, 1 chose treatment with traditional herbs, 2 were unavailable due to work, 1 was undergoing evaluation for an abdominal tumor, and the remaining 3 declined the procedure. Fifty-seven percent of the women (16) who had undergone cryotherapy returned for the 6 month follow up with colposcopy and biopsy (Fig. 1) . 
Vaccination
There were 318 girls assented for vaccination as noted above. Ultimately, 312 (98 %) girls received the first dose of vaccine (300 of those were originally registered and 12 girls who were not initially registered for the study). For those girls initially registered, reasons for not vaccinating included leaving the area (7), father declined (1), pregnant (1), and recruited in error since they had already initiated the series with the government campaign (9) . In addition to the 1 girl who became pregnant and did not receive the 1st vaccine, 3 other girls became pregnant during the study. Two participants received the 1st vaccine prior to discovering they were pregnant and were reported for pharmaco-vigilance as adverse events. The other participant received the first dose of vaccine, subsequently became pregnant and withdrew from the study. The second dose of vaccine was administered to 280 girls (90.6 %). Reasons for not receiving the 2nd vaccination were: pregnant (1), unable to be located (15) , parents declined (2) , and vaccinated by the state (2).
The third dose was administered to 200 girls (71.5 %). For this final dose, 32 girls could not be located, 14 were inaccessible to the vaccine teams, 32 had left the area, 1 was pregnant and 1 parent refused (Fig. 2) . The administration of this 3 rd vaccine was significantly affected by severe flooding. Possibly all but 1 of the missed vaccinations for this 3rd dose was related to the flood that changed the landscape for many weeks.
Satisfaction Rates
Face to face evaluations, reaching 90 % of participants, started 12 weeks after registration. Acceptability was excellent, with 99.7 % of women stating they would participate in future screening and all but one able to do the selfsampling without assistance. While most women (97 %) reported no difficulty obtaining the sample, 8 reported mild pain, and 1 reported a discharge. Twenty percent reported that they would prefer obtaining a sample at a health post and 100 % were satisfied with the way they were informed of their results.
All women except 1 were able to state why they underwent cryotherapy, or colposcopy and biopsy. The most commonly reported side effects from cryotherapy were discharge, minor bleeding, and pain. No one stated that they would be afraid of the treatment or biopsies if they had to undergo the procedure in the future.
Discussion
We chose Iquitos and the villages along the Amazon to gain experience with the logistical and geographic barriers the jungle environment presented. The region more than delivered its share of challenges. However, by involving the communities in the design and implementation of the program, we achieved excellent recruitment, follow-up, and satisfaction for HPV screening/treatment and vaccination. There were several differences between the prior study in Manchay and this study in Iquitos. This study shows the progression of the model even in a more challenging environment, as we benefitted from the lessons learned from Manchay. In Iquitos, as opposed to our prior study, the recruitment was done by individuals with healthcare training; however the burden on the healthcare system was still minimal. The model does not need the HLs to have healthcare training, but it should be able to use existing community based systems if they are already efficiently reaching the people.
Another important change was loosening the criteria for ''daughters'' of the participating mothers. This occurred once HLs observed that mother-daughter pairs consisted of women with their own children as well as nieces or neighbors.
In Iquitos, the training was two half days while in the earlier Manchay study, the training occurred over two and a half days. The abbreviated training makes the intervention more scalable and did not adversely affect results. Some of the reduction was due to their healthcare background, but most was purposeful, based on the experiences in Manchay. Overall, the training and design meeting reflected a successful step in the evolution of our model. Challenges in recruitment depended on both cultural issues and geography. The urban HLs experienced logistical and psychosocial challenges with recruitment for both women and girls, in contrast to rural HLs, better known in their communities. While there was some awareness of the HPV vaccine due in large part to the government vaccination program, attendance in urban areas at parental meetings regarding the vaccine was poor, likely due to parents working during the day. We concluded that this scheduling plan by the urban HL was unsuccessful. Logistical challenges with flooding and impassable bridges also affected participation in urban areas.
In contrast, HLs from the villages reported that many women were easily recruited following meetings convened by the HLs in their communities. Others were informed by word of mouth and presented to the health centers for registration. Of note, only the urban women were recruited house to house. This made rural recruitment much more efficient, a major difference from our experience in Manchay.
Using the instruction sheet, the HLs spent less than 10 min was per subject on recruitment, mainly on completion of study forms. This suggests a non-study screening would be even more efficient since research informed consent forms would not be required.
Regarding vaccination, the CBPR design was successful in recruitment although also less efficient in urban areas. Peru has a history of vaccination in schools, so it was surprising that the school based uptake in the urban centers was not more successful. According to the technician who used this approach for enrollment, the interest varied according to the teachers' interest and ability to motivate parents.
Our study used a modified CBPR approach where the researchers determined the intervention a priori and the community designed the implementation. Both design features and the very high satisfaction rates achieved proved the benefit of using CBPR techniques. Another strength of the model was the potential to select appropriate timing for both the vaccine initiative and follow up strategy. The HLs envisioned that first 2 doses could be administered prior to school dismissal, followed by a 4 month interval during which the girls would be on vacation. Although this did not result as originally planned due to delay in vaccine arrival, these timing logistics should be most effectively determined by the communities.
Despite our successes, there were several challenges and limitations affecting follow-up for both the screen/treat intervention and the vaccine intervention. The evaluation and/or treatment of 81 % of women who screened positive did not reach our goal of 95 %. In explanation, 2 of the key HLs who had worked in their rural communities for years had moved to new jobs. Therefore, the task of ensuring attendance to an unknown procedure in a distant setting was in new hands, likely impacting adherence to protocol. This reinforced our belief in the significance of the CBPR approach, suggesting the importance of being anchored at the village level.
Regarding vaccination, a school based system is most effective around the world, including Peru. Our study tried to capitalize on the school based system by using the same sites, but had the disadvantage of not being integrated into and organized by the school system. Additionally, complications with both flooding and vaccine delivery greatly impacted vaccination schedules, and HLs were forced to resort to door to door strategies for many girls. Access was virtually impossible in some areas due to the severe flooding and some girls had fled their homes. Despite these challenges, the technicians still vaccinated 90 % (288/318) of the girls. Although the concept of a ''mother-daughter program'' is appealing, the logistics clash, undermining the overall efficiency of the program. Therefore we believe a school based vaccination program that is not linked to screening is most efficient.
Cultural issues presented additional challenges, with 4 young girls becoming pregnant, a contraindication to vaccination. The cases were reported to child welfare advocates but health workers were reluctant, feeling it undermined the clinician patient relationship in an area where nonconsensual intercourse and early sexual debut is not uncommon [17] . This also suggests that if girls are sexually active as early as 11, the opportunity to avoid infection by HPV vaccination may have been lost. Therefore, in this area vaccination should begin as early as possible which is 9 years according to the Gardasil package insert. However, the national guidelines of Peru's ministry of health only permitted vaccination from 10 to 13.
This project represents a continuing effort of our research group to develop a screening model that separates the identification of who is positive from their management. It separates the work of the community from the healthcare system. To that end, we believe that using this model for cervical cancer screening based on self-collection, large populations can be screened which will support highly sensitive, high throughput/low cost per case, quality controlled, centralized processing. The feasibility of this concept was demonstrated quite well with the efficient transport and reporting of results from a distant lab in China. Clearly this concept is transferable to one or a few large referral labs in any country or possibly a collaborative agreement between countries.
We have learned that efficient modeling of a cervical cancer prevention program will ultimately be determined by the management of the positives. Facilities for diagnosis and treatment of high grade lesions in Iquitos are very limited. With the high burden of HPV infection (11.5 %) and a marginal infrastructure for detection of precursor lesions, the opportunity is ripe for expansion of a cervical cancer prevention program using a community based model in the Loreto region of Peru. The low and high jungle of Loreto and its capital of Iquitos represent 30 % of the land mass of Peru and 126,000 women between the ages of 30-50 in 2,500 villages. We have developed a plan for cervical cancer prevention based on our evolving community based preventive healthcare model, in the hopes of reaching the women in this extraordinarily challenging environment.
